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FOREWORD 


This  report  is  focused  on  a  series  of  tests  run  at  Wright  Patterson  AFB  in  July  of  1995  as  a  follow 
on  to  work  previously  done  and  summarized  in  Document  No.  95-R-1922.  The  previous  testing, 
defined  as  Phase  I,  demonstrated  the  feasibility  of  using  OAC  gas  generator  technology  in  aircraft 
fire  suppression  systems.  The  work  discussed  in  this  report,  defined  as  Phase  H,  was  to  use  the 
results  and  conclusions  of  the  earlier  testing  to  further  refine  and  optirnize  gas  generator 
configuration  and  agent  discharge  location  within  the  test  fixture.  Due  to  funding  limitations  the 
second  phase  of  the  work  was  limited  to  testing  within  the  simulated  engine  nacelle. 

Fire  suppression  systems  on  military  and  commercial  aircraft  currently  all  use  Halon-1301  which, 
along  with  chlorofluorocarbons  (CFC’s)  and  othw  halide  substituted  hydrocarbons  have  ozone 
depleting  characteristics.  As  a  consequence  of  an  international  treaty  severely  curtailing  the 
production  of  CFC’s  over  the  next  few  years  and  concern  on  the  part  of  government  agencies  and 
the  commercial  sector  over  the  ozone  layer  and  other  environmental  issues,  production  of  Halon- 
1301,  CFC’s  and  other  ozone  depleting  compounds  have  or  soon  will  be  discontinued.  The  Air 
Force  is  using  its  on-hand  inventory  of  Halon-1301  while  actively  seeking  a  replacement  system 
which  it  hopes  to  have  in  place  at  the  end  of  the  decade.  Unfortunately,  most  replacement  systems 
currently  under  evaluation  are  much  heavier  and  bulkier  for  equivalent  protection,  requiring 
significant  retrofit  costs,  while  reducing  aircraft  payload  and  increasing  fuel  usage. 

OAC’s  solid  propellant  systems,  which  are  a  spin-off  of  automotive  airbag  technology,  use  an 
advanced  nonazide  propellant  technology  that  has  been  shown  to  be  an  effective  Halon-1301 
alternative.  These  systems  produce  conventional  fire  suppression  gases  such  as  nitrogen,  carbon 
dioxide  and  water  vapor  at  high  temperatures  which  make  them  effective  fire  suppressants.  Figure 
1  contains  a  simplified  illustration  of  a  solid  propellant  gas  generator  with  time/pressure  plots  of  its 
operation.  The  device  is  activated  by  an  electrical  signal,  which  functions  an  electrical  initiator 
inside  the  gas  generator,  providing  pressure,  heat  and  hot  particles  thereby  igniting  the  solid 
propellant  grain  or  grains.  As  the  propellant  bums  the  gases  rapidly  pressurize  the  gas  generator. 
At  a  predetermined  pressure,  a  sealed  burst  disk  ruptures,  allowing  gas  to  flow  out  of  the  gas 
generator.  This  expelled  gas  then  may  be  used  to  suppress  a  fire,  or  when  charactaizing  gas 
generator  performance  used  to  pressurize  a  sealed  tank  (yielding  a  time/pressure  curve  as  in  Figure 
1).  The  gas  generator  pressure  profile  is  controlled  by  the  ratio  of  the  burning  propellant  surface 
area  to  the  orifice  flow  area.  An  optional  filter  can  be  incorporated  to  remove  any  particulate 
evolved  during  the  combustion  process.  The  filter  also  reduces  the  propellant  exhaust  gas 
temperature  due  to  its  high  surface  area  in  contact  with  the  propellant  gas. 

Hybrid  gas  generators  shown  in  Figure  2  have  also  been  identified  as  a  Halon-1301  alternative. 
Figure  3  contains  a  simplified  illustration  of  a  hybrid  gas  generator  with  time/pressure  plots  of  its 
operation.  The  hybrid  gas  generator  consists  of  a  solid  propellant  gas  generator  which  discharges 
into  a  solid,  liquid  or  vapor  agent.  The  agent  is  pressurized  and  heated  to  a  liquid  or  vapor  state  and 
then  discharged  at  a  predetermined  pressure  via  a  burst  disk.  The  gas  temperature  of  a  hybrid  gas 
generator  is  significantly  cooler  than  that  of  a  solid  propellant-only  gas  generator  due  to  the  heat 
absorbed  by  the  hybrid  agent  Vaporization  of  hybrid  agents  or  the  heating  of  them  combined  with 
expulsion  from  the  system  by  hot  gas  generant  gases  in  this  type  of  system  allows  chemicals  not 
previously  considered  as  fire  suppressants  due  low  volatility  and  difficulty  of  dispersion  to  be  re¬ 
examined.  Possible  candidates  as  hybrid  agents  include  water  or  aqueous  solutions,  carbon  dioxide 
and  fluorocarbons. 
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Phase  I  testing  included  tests  with  solid  propellant-only  gas  generators  and  hybrid  units  with 
water,  FM-200  (C3HF7),  PFC-614  (CgFj4),  and  carbon  dioxide  (COj).  One  of  the 
recommendations  of  that  work  was  to  eliminate  carbon  dioxide  from  consideration  for  use  in  future 
testing  of  the  hybrid  unit  due  to  its  poor  packing  efficiency  (twice  the  volume  requirement  as  IM- 
200).  Therefore,  no  tests  were  run  with  carbon  dioxide  in  Phase  11.  However,  FM-200  and  water 
both  yielded  promising  results  in  Phase  I  and  were  therefore  tested  further  in  Phase  H. 
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Figure  1. 

Operational  Schematic  of  Solid  Propellant  Gas  Genwator 


Figure  2. 

Shipset  of  747  Hybrid  Gas  Generator  Slide  Inflators 
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Operational  Schematic  of  Hybrid  Gas  Generator  System 
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SUMMARY 


Phase  n  test  activities  evaluated  several  gas  generates  configurations  against  three  engine  nacelle 
fire  scenarios  (runs).  Gas  generator  configurations  included  solid  propellant-only  units  and  hybrid 
units  in  which  the  solid  propellant  gas  generator  pressurizes  and  discharges  a  secondary  agent 
Heavyweight  refurbishable  generator  hardware  was  used.  Phase  I  testing  demonstrated  that  agent 
discharge  at  top,  side,  and  bottom  ports  was  more  effective  than  discharge  at  a  single  location. 
Phase  n  tests  were  set  up  with  this  same  multi-port  agent  discharge  arrangement.  Phase  I  testing 
was  conducted  with  the  fire  suppression  gas  generators  located  at  each  agent  discharge  port.  A 
gignifiranr  change  was  made  for  Phase  n  testing  by  locating  the  gas  generators  in  a  distribution 
manifold  approximately  40  feet  from  the  nacelle  discharge  ports.  Connecting  lines  carried  tiie 
agent  fiom  tins  manifold  to  the  discharge  ports. 

The  Run  No.  13  configuration  used  83282  hydraulic  fluid  as  fuel  at  a  high  internal  airflow  rate  and 
is  outlined  in  Table  3.  In  this  series,  best  results  were  obtained  with  closely  spaced  sequential 
firing  of  multiple  gas  generators.  Two  gas  generators  were  the  minimum  number  required  to  put 
out  the  fire,  but  it  relit  very  soon  thereafter.  Three  gas  generators  timed  to  fire  in  0.5  seconds  or 
less  yielded  better  success  with  longer  times  to  relight  after  extinguishment.  However,  it  took 
three  gas  generators  firing  in  a  sequence  up  to  0.3  seconds  and  1.32  pounds  of  water  in  a  hybrid 
configuration  to  completely  extinguish  the  fire  without  relight  This  is  a  total  agent  weight  of  4.32 
Ibm  which  is  1.57  times  the  amount  of  FE-25  required  in  tests  previously  conducted  by  Wright 
Patterson  for  this  test  configuration. 

The  Run  No.  14  configuration  used  JP-8  as  fuel  at  a  low  internal  airflow  rate  and  is  outlined  in 
Table  4.  In  this  configuration  at  least  four  gas  generators  with  the  firing  sequence  spread  out  over 
several  seconds  were  required  to  put  out  the  fire.  It  required  six  gas  generators  firing  in  sequence 
over  nine  seconds  to  completely  extinguish  the  fire  without  relighting.  This  is  1.14  times  the 
amount  of  FE-25  in  tests  previously  conducted  by  Wright  Patterson  for  this  test  configuration. 
Alternately  five  gas  generators  fired  in  sequence  over  nine  seconds  with  2.2  pounds  of  water  in  the 
hybrid  configuration  also  yielded  complete  success.  This  is  a  total  agent  weight  of  7.2  Ibm  which 
is  1.37  times  the  amount  of  FE-25  required  in  the  Wright  Patterson  test  series. 

In  the  final  configuration  tested.  Run  No.  30,  IP-8  was  used  again  as  fuel  wdth  a  high  internal 
airflow  rate.  This  series  is  summarized  in  Table  5.  Success  in  extinguishing  the  fire  without 
relight  was  obtained  with  six  gas  generators  fired  over  a  sequence  of  five  seconds.  Concerns  arose 
over  the  effect  of  the  more  remote  location  of  the  gas  generators  as  compared  Phase  I  tests,  so  the 
test  setup  was  modified  for  the  final  two  tests.  The  agent  manifold  was  moved  adjacent  to  the 
nacelle  and  used  only  side  port  discharge.  This  test  apparatus  change  had  a  dramatic  effect  on  die 
results,  requiring  only  three  gas  generators  fired  over  1.5  seconds  to  completely  extinguish  the  fire 
without  relight.  This  is  a  total  agent  weight  of  3.0  Ibm  which  is  1.33  times  the  amount  of  FE-25 
required  in  tests  previously  conducted  by  Wright  Patterson  for  this  test  configuration.  However,  a 
direct  comparison  between  die  FE-25  results  and  the  final  two  tests  in  this  series  may  be  invalid 
due  to  the  change  in  discharge  manifold  location.  To  make  a  direct  comparison  the  FE-25  test 
should  be  re-run  with  die  same  discharge  location,  and  further  tests  conducted  with  OAC’s  gas 
generator  system  to  determine  the  minimum  agent  required. 

The  final  two  tests  in  Run  No.  30  demonstrated  that  proper  distribution  is  an  important  parameter 
of  the  gas  generator  fire  suppression  systems.  Budget  and  time  considerations  did  not  permit 
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further  testing  in  the  configuration  with  the  agent  release  near  the  fire.  Future  testing  should 
investigate  the  effects  of  agent  discharge  location  and  the  optimization  of  system  performance  with 
the  most  realistic  of  these  scenarios.  Other  future  work  might  include  testing  of  other  hybrid 
agents,  such  as  water  solutions  of  various  salts  (lower  freezing  point,  fire  suppressant  chemical 
activity),  and  further  testing  of  perfluorcarbons. 
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INTRODUCTION 


The  Advanced  Fire  Suppression  Technology  (AFST)  Research  and  Development  Program  is  being 
conducted  by  OAC  for  Wright  Patterson  Air  Force  Base  (WPAFB)  under  Contract  No.  F33615- 
93-C-3404.  The  program  goal  is  to  evaluate  the  effectiveness  of  gas  generator  technology  to 
replace  Halon  in  suppressing  aircraft  drybay  and  engine  nacelle  fires.  This  activity  includes  the 
design,  development  and  testing  of  solid  propellant  and  hybrid  gas  generator  technology.  Phase  I 
included  an  initial  evaluation  of  filtered  and  nonfiltered  solid  propellant  gas  generators  as  well  as 
select  hybrid  agents  and  was  summarized  in  Document  No.  95-R-1922.  The  goal  of  Phase  n  was 
to  optimize  the  most  promising  Phase  I  systems.  A  summary  of  the  Phase  n  activities  are  presented 
in  this  report. 

In  July  of  1995,  OAC  completed  Phase  n  engine  nacelle  fire  suppression  testing.  The  scope  of  this 
activity  included  testing  and  performance  optimization  of  solid  propeUant-only  and  hybrid  gas 
generators.  The  gas  generator  and  hybrid  units  were  of  an  established  design  with  which  OAC  has 
prior  test  experience  .  Fire  suppression  tests  were  run  at  WPAFB  in  the  Aircraft  Engine  Nacelle 
Test  Facility  (AENTF).  The  objective  of  this  report  is  to  document  the  Phase  II  activities  performed 
and  provide  a  recommended  scope  of  work  for  follow-on  development  programs. 

The  following  sections  will  present  an  overview  of  the  design  and  development  of  the  test  articles 
used  in  the  engine  nacelle  testing  followed  by  individual  sections  detailing  test  results,  conclusions 
and  recommendations. 
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TEST  ARTICLE  DESCRIPTION 


Propellant 

The  propellant  that  OAC  used  in  Phase  n  development  testing  was  RRC-FSOl-40  which  is  a 
proprietary  mix  developed  specifically  for  fire  suppression  applications.  This  propellant  is  a 
mo^ed  version  of  a  nonazide  automobile  airbag  propellant.  Tlie  ingredients  were  modified  to 
change  the  exhaust  particulate  constituents  such  that  no  material  compatibility  issues  exist.  Effluent 
compatibility  studies  indicate  no  reaction  or  pitting  occurs  with  the  following  materials: 

•  6061-T6  (Alodined)  •  Graphite  Epoxy 

•  7075-T6(Mil-P-85582  coated)  •  Kevlar 

•  7050  (Mil-P-85582  coated) 

•  Ti-6A1-4V  (Untreated) 

In  addition,  the  propellant  has  survived  an  accelerated  aging  test  comprised  of  244°F  for  1000 
hours  and  showed  no  performance  degradation. 

While  the  ingredients  to  RRC-FSOl-40  propellant  are  proprietary,  OAC  must  divulge  the  exhaust 
gas  composition  since  the  exhaust  gas  is  the  actual  agent  used  in  suppressing  the  fire.  Table  1 
provides  detailed  properties  of  the  propellant.  The  propellant  generates  54.25%  gaseous  products 
and  45.75%  solid  particulate.  The  gaseous  products  consist  of  42.5%  N2,  44.7%  CO2  and  12.8% 
H2O  by  weight.  At  least  95%  of  the  solid  particulates  remain  in  the  gas  generator  regardless  of  the 
gas  generator  configuration. 

Table  1.  RRC  FSOl-40  Propellant  Properties 


Part  No. 

Size 

Bum  Rate 
Exponent  (n) 
Density 

DOT  Classification 


RRC-FSOl-40 

Various 

Proprietary 

Proprietary 

Proprietary 

1.3  (Class  B) 


Effluent  Properties  (based  on  100  g  propellant) 


Moles/ 

100  g 

Grams/ 

100  g 

Weight 

(%) 

Volume 
(Mole)  (%) 

N2 

0.82356 

23.06 

42.5 

46.8 

CO2 

0.55126 

24.25 

44.7 

31.3 

H2O 

0.38572 

6.94 

12.8 

21.9 

Total  Gas 

1.761 

54.25 

100 

100 

Total  Solids 

NA 

45.75 

100 

NA 

4 


Gas  Generator/Manifold 

All  the  gas  generators  used  in  Phase  II  development  are  of  a  heavyweight  refurbishable  design. 
That  is,  the  devices  can  be  dismantled  and  cleaned  after  use,  reloaded  and  reused  hundreds  of 
times.  This  technique  has  been  shown  to  be  the  most  cost  effective  means  to  fabricate  test  hardware 
when  weight  is  not  an  issue.  The  hardware  used  in  Phase  n  was  an  improved  modular  design  with 
a  greater  ease  of  loading  and  assembly.  There  were  two  primary  differences  between  this 
hardware  and  that  was  used  previously.  First  the  modular  design  allows  the  gas  generator  unit  to 
be  tested  by  itself  or  to  have  the  hybrid  body  attached  to  it  and  filled  with  the  hybrid  agent  to  make 
the  hybrid  generator  assembly.  Second  unlike  the  earlier  hardware,  in  which  stacks  of  individual 
propellant  pellets  had  to  be  loaded  into  the  gas  generator  for  each  test,  in  this  test  series  the 
hardware  used  pre-packaged  propellant  canisters.  Each  generator  used  one  of  these  canisters 
which  contains  one  pound  of  solid  propellant.  This  containerized  propellant  design  speeds  up  the 
disassembly,  cleanup,  and  reloading  process  compared  to  the  previously  tested  design. 

The  test  configuration  OAC  chose  to  test  at  the  WPAFB  Engine  Nacelle  Test  Facility  were  the  Fire 
Suppression  Gas  Generator  Assemblies  part  numbers  SK13057  and  SK13058.  The  unit  is  of  a 
modular  design  that  allows  it  to  be  used  with  the  gas  generator  section  only  (Figure  4)  or  the 
hybrid  body  may  be  attached  to  the  gas  generator  assembly  yielding  a  hybrid  generator  assembly 
(Figure  5).  The  assemblies  are  designed  to  use  OAC’s  pre-loaded  FSOl-40  propellant  canister 
(Figure  6). 

Up  to  ten  gas  generators  may  be  mounted  to  the  manifold  as  shown  in  Figure  7.  By  adjasting  the 
quantity  of  gas  generators  and  the  timing  sequence  of  gas  generator  functioning,  this  system 
provides  the  capability  of  producing  a  wide  range  of  agent  mass  flow  rates  in  a  simple  hardware 
configuration.  The  manifold  is  connected  to  the  engine  nacelle  simulator  by  three  lengths  of  5/8 
inch  o.d.  CRES  tubing.  Tlie  manifold  was  located  approximately  40  feet  from  the  nacelle  agent 
discharge  ports  for  all  but  the  final  two  tests  of  this  phase  of  testing.  The  arrangement  of  the  fire 
suppressant  agent  distribution  system  including  the  manifold  and  connecting  tubing  is  shown  in 
Figure  8. 

Engine  Nacelle  Simulator 

The  Wright-Patterson  Aircraft  Engine  Nacelle  (AEN)  Fire  Test  Simulator  is  illustrated  in  Figure  9. 
This  fixture  can  operate  in  numerous  configurations  by  using  different  size  engine  and  clutter 
inserts,  fire  locations,  hot  surface  temperatures,  internal  air  flow  rates  and  air  temperatures.  For 
Phase  n  testing  the  nacelle  simulator  was  set  up  in  three  different  configurations  (one  for  each  test 
series)  as  shown  in  Table  2,  below. 

Table  2.  Engine  Nacelle  Test  Configuration  for  Phase  II  Testing, 

July1995 


Series 

No. 

Fuel 

H 

Internal 

Air  Flow 
(Ibm/sec.) 

Air 

Temp. 

(°F) 

Fire 

Location 

Heated 

Surface 

Temp. 

(°F) 

Pre-bum 

time 

(sec.) 

13 

83282 

Hydraulic 

fluid 

100 

2.7 

275 

bottom 

1300 

5 

14 

JP-8 

100 

0.9 

275 

bottom 

1300 

20 

30 

JP-8 

325 

2.7 

275 

bottom 

1300 

5 

5 


I 


I 
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Figure  4. 

Part  No.  SK 13058  Fire  Suppression  Refurbishable  Gas  Generator  Assembly 


Figure  5. 

Part  No.  SK  13057  Fire  Suppression  Refurbishable  Hybrid  Gas  Generator  Assembly 


REFURBISHING  GAS  GENERATOR  CASES 


Figure  7. 

Collection/Distribution  Manifold  for  Fire  Suppression  Gas  Generator  Testing 


Agent  Transfer  Lines 
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Figure  8. 

Engine  Nacelle  Simulator  Fire  Suppressant  Agent  Distribution  System 


Exhaust  openings  (lop  and  bottom) 
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Figure  9. 

WPAFB  Engine  Nacelle  Simulator 


DISCUSSION  OF  TEST  RESULTS 


In  July  1995,  OAC  performed  Engine  Nacelle  Suppression  tests  using  OAC  gas  generator 
technology.  WPAFB  provided  the  engine  nacelle  simulator  located  at  the  Advanced  Engine 
Nacelle  test  facility.  The  Engine  Nacelle  Simulator  may  be  set  up  with  many  different 
configurations  and  operating  conditions.  Internal  clutter  may  be  simulated  and  two  engine  sizes  are 
available.  Internal  airflow  and  air  temperature  are  easily  set  to  the  desired  values.  Hot  surface  re¬ 
ignition  temperatures  of  up  to  1300T  are  possible  and  either  JP-8  or  83282  hydraulic  fluid  may  be 
used  as  the  fuel  for  the  fire.  In  summary,  this  fixture  is  an  outstanding  tool  for  evaluating  Halon- 
1301  and  its  replacement/altemative  agents.  Prior  to  OAC  arrival,  WPAFB  had  completed  a  test 
series  using  FE-25  agent.  The  same  run  configurations  used  with  the  FE-25  were  used  for  OAC 
gas  generator  testing. 

Run  No.  13  Results 

The  Engine  Nacelle  Simulator  configuration  for  Run  No.  13  is  illustrated  in  Figure  10.  The  test 
configuration  used  the  small  engine  simulator  with  a  2.7  Ibm/sec  airflow.  Clutter  was  in  the  high 
simulation  mode.  Hydraulic  fluid  (83282)  at  lOOT  with  5  seconds  of  prebum  provided  the  fuel  for 
the  fire  located  at  the  bottom  of  the  simulator.  The  flow  of  hydraulic  fluid  was  stopped  at  the  time 
of  agent  release  (time  zero).  The  agent  discharge  location  was  the  top,  side  and  bottom  discharge 
ports. 

Table  3  summarizes  the  results  for  this  test  series.  Thao  were  a  total  of  ten  tests  ran  in  this  series, 
seven  with  propellant-only  gas  generators  and  three  with  hybrid  units.  Water  was  the  agent  used 
in  the  hybrid  units. 

In  this  series,  the  plan  was  to  use  multiple  gas  generators  fired  in  sequence  and  determine  how 
many  gas  generators  and  what  time  distribution  were  required  to  extinguish  the  fire.  The  series 
was  started  with  four  gas  generators  and  the  second  test  indicated  that  closer  time  spacing  was 
more  effective,  so  the  next  few  tests  were  to  use  only  two  gas  generators  with  a  short  time 
sequence.  Unfortunately,  on  the  third  test,  one  gas  generator  failed  to  fire.  The  fourth  test  was  a 
repeat  of  number  three,  and  was  unsuccessful.  By  shortening  the  time  with  two  gas  generators  to 
0.2  seconds  with  test  five,  extinguishment  with  a  very  rapid  relight  was  achieved.  It  was  apparent 
that  two  gas  generators  were  not  enough,  so  the  next  tests  were  to  use  three  gas  generators  and 
determine  the  required  time  spacing.  On  test  number  six,  one  gas  generator  did  not  fire,  again 
negating  the  results,  so  the  test  was  repeated  as  test  number  seven  with  moderate  success,  since  tiie 
fire  relit.  Results  thus  far  seemed  to  indicate  that  three  gas  generators  were  just  short  of  enough 
agent  to  extinguish  the  fire,  so  the  next  test  was  a  hybrid  unit  using  water  with  near  the  same  total 
agent  level  (two  gas  generators  and  0.88  Ibm  of  watK’)  which  was  unsuccessful.  Increasing  the 
number  of  gas  generators  and  the  amount  of  water  to  3.0  Ibm  and  1.32  Ibm,  respectively,  in  test 
munber  nine  yielded  complete  success.  The  final  test  in  the  series  attempted  to  repeat  the  results  of 
test  nine,  but  was  unsuccessful  since  flame  relight  did  occur.  Looking  back  at  the  data  now,  it  is 
likely  that  four  gas  generators  would  also  extinguish  the  flame  if  the  timing  would  be  decreased 
from  the  1.5  seconds  as  used  in  the  second  test. 

Again  briefly  summarizing  the  results  of  test  series  number  13.  Two  gas  generators  were  the 
minimum  number  required  to  put  out  the  fire,  but  it  relit  very  soon  thereafter.  Three  gas  generators 
timed  to  fire  in  0.5  seconds  or  less  yielded  better  success  with  longer  times  to  relight  after 
extinguishment.  However,  it  took  three  gas  generators  firing  in  a  sequence  up  to  0.3  seconds  and 
1.32  pounds  of  water  in  a  hybrid  configuration  to  completely  extinguish  the  fire.  This  is  a  total 
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agent  weight  of  4.32  Ibm  which  is  1.57  times  the  amount  of  FE-25  required  in  tests  previously 
conducted  by  Wright  Patterson  for  this  test  configuration. 
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Top  Discharge  Port 
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Figure  10. 

Test  Configuration  for  Run  No.  13  Series 


Table  3  Phase  n  Engine  Nacelle  Fire  Supression 
WPAFB  Run  No.  13  (D 
Gas  Generator  Test  Results 
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Run  No.  14  Results 

The  Engine  Nacelle  Simulator  configuration  for  Run  No.  14  is  illustrated  in  Figure  11.  The  test 
configuration  used  the  small  engine  simulator  with  a  0.9  Ibm/sec  airflow.  Clutter  was  in  the  high 
simulation  mode.  JP-8  at  lOO'F  with  20  seconds  of  prebum  provided  the  fuel  for  the  fire  located  at 
the  bottom  of  the  simulator.  The  flow  of  JP-8  fuel  was  stopped  5  seconds  after  agent  discharge. 
The  agent  discharge  location  was  the  top,  side  and  bottom  discharge  ports. 

Table  4  summarizes  the  results  for  this  test  series.  There  were  a  total  of  four  tests  run  in  this  series, 
three  with  piopellant-only  gas  generators  and  one  with  a  hybrid  unit  Water  was  the  agent  used  in 
the  hybrid  test 

In  the  first  two  tests,  neither  four  nor  six  gas  generators  were  able  to  extinguish  the  flame  without 
relight.  However,  in  the  second  test,  relight  was  eight  seconds  after  the  flame  went  out,  so  it  was 
possibly  close  to  working.  Therefore,  it  was  decided  to  try  widening  the  gas  generator  sequencing 
time  frame  with  and  without  the  incorporation  of  a  hybrid  agent  at  near  the  same  total  agent  level. 
Both  these  tests  were  successful.  The  fourth  test  used  six  gas  generators  with  the  firing  sequence 
extended  out  to  9.0  seconds.  The  hybrid  test  used  five  gas  generators  and  2.2  Ibm  of  water,  also 
with  a  9.0  second  time  sequence.  The  total  agent  mass  in  these  two  tests  was  6.0  and  7.2  Ibm, 
respectively,  at  1.14  and  1.37  times  the  amount  of  FE-25  agent  required  in  the  Wright  Patterson 
test  series. 
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Agent  Transfer  Lines 
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Table  4  Phase  n  Engine  Nacelle  Fire  Supression 
WPAFB  Run  No.  14  (D 
Gas  Generator  Test  Results 
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Run  No.  30  Results 

The  Engine  Nacelle  Simulator  configuration  for  run  no.  30  is  illustrated  in  Figure  12.  The  test 
configuration  used  the  small  engine  simulator  with  a  2.7  Ibm/sec  airflow.  Clutter  was  in  the  high 
simulation  mode.  JP-8  at  lOO'F  with  5  seconds  of  prebum  provided  the  fuel  for  the  fire  located  at 
the  bottom  of  the  simulator.  Fuel  flow  was  continued  for  5  seconds  after  agent  discharge.  The 
agent  discharge  location  was  the  top,  side  and  bottom  discharge  ports. 

Table  5  summarizes  the  results  for  this  test  series.  There  were  a  total  of  seven  tests  run  in  this 
series,  five  with  propellant-only  gas  generators  and  two  with  hybrid  units.  FM-2(X)  (CjHF,)  was 
the  agent  used  in  the  hybrid  units. 

The  first  test  with  six  gas  generators  and  a  timing  sequence  of  5.5  seconds  did  extinguish  the  fire 
but  with  relight.  However,  by  shortening  the  time  sequence  by  0.5  seconds  to  5.0  seconds  and 
thereby  increasing  agent  concentrations,  success  was  attained. 

Two  hybrid  tests  using  FM-200  at  a  total  agent  weight  of  3.25  Ibm  which  is  1.44  times  the  FE-25 
requir^  in  the  WP  tests  were  unsuccessful. 

To  investigate  the  effect  of  the  40  foot  transfer  lines  from  the  manifold  to  the  nacelle,  and  the 
resultant  decrease  in  agent  temperature,  the  test  setup  was  modified  for  the  final  two  tests.  The 
agent  manifold  was  moved  to  within  approximately  2  feet  of  the  nacelle  and  only  side  port 
discharge  was  used.  The  configuration  of  these  final  two  tests  of  the  series  is  illustrated  in  Figure 
13.  This  test  apparatus  change  had  a  dramatic  effect  on  the  results,  requiring  only  three  gas 
generators  fired  over  1.5  seconds  to  completely  extinguish  the  fire  without  relight  This  is  a  total 
agent  weight  of  3.0  Ibm  which  is  1.33  times  the  amount  of  FE-25  required  in  tests  previously 
conducted  by  Wright  Patterson  for  this  test  configuration.  Additional  tests  would  be  required  to 
determine  the  minimum  agent  weight  that  would  be  needed  to  achieve  success  with  the  manifold 
located  adjacent  to  the  nacelle. 
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Agent  Transfer  Lines 
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Figure  12. 

Test  Configuration  for  Run  No.  .30  Series 


Table  5  Phase  n  Engine  Nacelle  Fire  Supression 
WPAFB  Run  No.  30  ® 

Gas  Generator  Test  Results 
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Top  Discharge  Port  (unused) 
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Figure  13. 

Modified  Test  Configuration  for  Run  No.  30  Series  (Tests  30-06,  30-07) 


CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 

Fortunately,  the  problem  experienced  in  Phase  I  testing  with  thermocouple  re-ignitions  of  the  flame 
that  put  some  of  the  earlier  results  into  question  was  resolved  in  this  series  by  replacement  of  the 
braided  wires.  Unfortunately,  time  and  budget  constraints  limited  the  testing  done  during  this 
phase  of  the  contract.  With  additional  test  time  available  more  could  have  been  learned  about  the 
characteristics  and  effectiveness  of  this  suppression  system.  Another  problem  which  hindered 
testing  efficiency  was  the  recurring  incidence  of  failures  of  gas  generators  to  igmte  due  to  a  variety 
of  electrical  and/or  test  anomalies.  Most  problems  were  traced  to  a  faulty  connection  to  the  gas 
generator  at  the  firing  leads.  Future  testing  should  include  a  more  positive  firing  lead  connection 
and  a  pre-test  check-out. 

In  test  Run  No.  13  with  83282  hydraulic  fluid  as  the  fuel  it  was  only  possible  to  completely 
extinguish  using  a  hybrid  gas  generator  with  three  gas  generators  and  1.32  Ibm  of  water.  The  total 
agent  mass  was  1.57  times  that  for  FE-25  in  the  same  test  configuration. 

With  a  low  internal  air  flow  rate  and  JP-8  as  the  fuel  (Run  No.  14),  complete  extinguishment  was 
achieved  in  both  propellant-only  and  hybrid  gas  generator  configurations.  Success  was  attained 
with  six  propellant-only  gas  generators  at  1.14  times  the  required  FE-25  mass.  A  hybrid 
configuration  using  2.2  Ibm  of  water  and  five  gas  generators  for  a  total  agent  mass  of  1.37  times 
that  required  for  FE-25  was  also  successful. 

With  a  high  internal  air  flow  rate  and  JP-8  as  the  fuel  (Run  No.  30),  complete  extinguishment  was 
achieved  with  six  gas  generators.  This  represents  a  total  agent  mass  of  2.67  times  that  required  for 
FE-25.  Two  hybrid  unit  tests  using  FM-200  were  unsuccessful.  However,  one  of  the  two  gas 
generators  did  not  fire  in  the  second  FM-200  test  and  more  material  was  unavailable  for  a  repeat. 
Therefore,  the  results  of  two  gas  generators  and  2.5  Ibm  of  FM-200  are  not  known. 

Overall  OAC’s  gas  genwator  fire  suppression  system  required  total  agent  weights  higher  than  the 
amount  of  FE-25  agent  necessary  to  extinguish  the  three  fire  types  evaluated.  Previous  test  series 
conducted  by  OAC  have  demonstrated  the  importance  of  proper  agent  distribution  for  effective  fire 
suppression.  During  the  testing  discussed  in  this  report,  the  very  dramatic  effect  of  gas  generator 
proximity  to  the  fire  zone  was  shown.  This  effect  may  be  attributed  to  the  cooling  of  the  agent 
gases  in  the  transfer  lines. 

During  the  transfer  of  the  agent  gases  in  the  40  foot  run  from  the  manifold  to  the  dispersion  point, 
the  gases  are  cooled  significantly,  and,  therefore,  their  volume  reduced  proportionally.  This 
results  in  a  reduction  in  the  partial  pressures  of  the  agent  within  the  simulated  engine  nacelle  as 
compared  to  agent  introduction  directly  at  the  dispersion  point.  Further  contributing  to  this  effect  is 
the  use  of  three  separate  transfer  lines.  By  moving  the  manifold  fix>m  40  feet  away  from  the 
nacelle  to  within  two  feet,  as  in  tire  final  two  tests  of  series  no.  30,  the  required  agent  weight  was 
cut  in  half.  Additional  reductions  in  amount  of  agent  required  may  be  ejqtected  by  discharging 
agent  from  all  nacelle  ports,  not  just  the  side  port,  as  in  these  tests. 


Recommendations 

Some  work  has  been  done  more  recently  at  OAC  using  aqueous  solutions  of  salts,  some  having 
chemical  fire  suppressant  activity.  These  hybrid  agents  are  attractive  not  only  because  of  chemical 
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activity  but  also  due  to  the  freezing  point  depression  of  the  water.  It  would  be  potentially 
productive  to  further  test  hybrid  units  in  the  engine  nacelle  simulator  using  some  of  these  aqueous 
solutions. 

Additional  testing  to  further  optimize  gas  generator  series  timing  may  also  be  warranted.  The  effect 
of  agent  dispersal  location  on  fire  suppression  effectiveness  should  be  further  studied.  It  might  be 
a  good  idea  to  study  multiple  fire  scenarios  to  define  the  best  overall  agent  dispersion  pattern,  then 
to  fully  characterize  FE-25  and  OAC  gas  generator  performance  in  this  configuration . 
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